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MODELING TO OPTIMIZE RESTORATION TRACKING AND INVESTMENTS
(MORTI)

SUMMARY

THE STUDY PURPOSE was to develop and analyze alternative strategies for distributing
funds to major Army commands (MACOMs) for environmental restoration projects.

THE STUDY SPONSOR was the Assistant Chief of Staff for Installation Management
(ACSIM).

THE SCOPE OF THIS STUDY was limited to US Army environmental restoration projects
currently scheduled for Active Component installations and did not include Formerly Used
Defense Sites (FUDS) and restoration sites due to Base Realignment and Closure (BRAC). In
addition, the Massachusetts Military Reserve and the Rocky Mountain Arsenal were not
considered because of the politically charged nature of the installations. As an example of a
restoration project, a contaminated aquifer is an environmental restoration site whose remedy-in-
place is a pump-and-treat plant. The years of analysis were fiscal year (FY) 2001 to FY 2014.

THE MAIN ASSUMPTION was that the list of environmental restoration projects provided by
the Army Environmental Center (AEC) was complete and that the project costs were correct.

THE BASIC APPROACH was to develop an integer programming model to schedule the
environmental restoration projects and alter the objective function (e.g., prioritize by site risk) or
constraints (e.g., budget available) to enforce different priorities and programmatics. ACSIM
provided four alternatives to be examined. Each alternative was examined using two funding
streams. The alternatives were: '

(1) Prioritize by site risk. In other words, start high-risk sites as early as possible;
followed by medium risk, with low risk sites and those sites, which had not been evaluated, last.
In this alternative, costs for long-term monitoring (LTM) and long-term operations (LTO) are
incurred every year for 20 years after they start.

(2) Prioritize by site risk as above, but limit the costs for LTM and LTO to 5 years. In
other words, the costs for LTM and LTO are shifted from the environmental restoration account
to the base operating account after 5 years instead of 20.

(3) Prioritize by MACOM. In this alternative, the Office of the Director of
Environmental Programs (ODEP) provided a list of MACOMs that should have all projects
completed as soon as possible. In general, these MACOM:s had a relatively small number of
sites. The MACOMs, in order of priority, are the US Military Academy, the Military District of
Washington, the US Army Corps of Engineers, the Medical Command, and then all other
MACOMs. As in Alternative 1, the cost for LTM and LTO was incurred for 20 years.

Modeling to Optimize Restoration Tracking and Investments i




CAA-SR-99-3

(4) Prioritize by MACOM as above, but limit the costs for LTM and LTO to 5 years as
in Alternative 2.

THE PRINCIPAL FINDINGS are

(1) Environmental restoration strategies based on prioritizing having remedy-in-place at
high-risk sites as soon as possible reduces the number of high-risk site/phases faster, with a
tradeoff in the number of site/phases started early (i.e., fewer projects start early). This is
because the high-risk site/phases are generally more expensive than the lower risk sites. When
the high-risk site/phases are started earlier, a small number of site/phases consume the budget in
the early years.

(2) Environmental restoration strategies based on prioritizing having remedy-in-place at
specific MACOMs as soon as possible reduces the number of site/phases faster and completes
more installations faster by starting low-cost site/phases earlier, but the tradeoff is that the
number of high-risk site/phases do not decrease as fast. Because the priority is on completing all
projects within specified MACOMs and, as always, starting all site/phases as soon as possible,
the lower-cost, lower-risk site/phases are completed earlier.

(3) MACOM environmental restoration requirements are not within funding constraints.
This is because the MACOM requirements are what the MACOMSs would like to accomplish and
are not constrained by the Program Objective Memorandum.

(4) Shifting the long-term monitoring and long-term operations cost from the
environmental restoration account to the base operating account after 5 years instead of 20
reduces the outyear costs for the environmental restoration account, but the early planning year
costs do not change significantly. The earliest that the LTM and LTO funds can shift to the base
operating account is FY 2006. But, because LTM and LTO are the final phases, they generally
start later, so that most of the funds shift further into the planning horizon. Therefore, the total
costs of projects in the earlier years are the same for all alternatives.

(5) There is no significant difference in the strategies of the alternatives when projecting
the FY 2004 budget for FY 2006-FY 2014 and projecting the FY 2005 budget for those years.
The differences in the budgets start in FY 2006. The term “budget” is used to reflect funding
programmed throughout the period FY 2001-FY 2014. The budget using the FY 2004 figure in
the outyears has slightly more money than the one using FY 2005 budget figure. Therefore, the
number of site/phases decreases slightly faster for the FY 2004 budget case after FY 2006. But
the largest decreases are in the earlier years, so the differences are minimal.

THE STUDY EFFORT was directed by Ms. Linda Coblentz, Resource Analysis Division,
Center for Army Analysis.

COMMENTS AND QUESTIONS may by directed to the Director, Center for Army Analysis,

Department of the Army, ATTN: CSCA-RA, 6001 Goethals Road, Suite 102, Fort Belvoir, VA
22060-5230.

Modeling to Optimize Restoration Tracking and Investments - il
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CHAPTER 1. INTRODUCTION
1.1 ;Ba(:kground. : . \ . . '_: 5 i b Semie 0 B BRI - .
Environmental restoration is defined as “actions taken to identify contaminated sites, assess risk,
and clean up hazardous wastes from previous Army activities.” The US Army has hundreds of
active duty installations that require such actions. The Defense Planning Guidance mandates that

all of these installations have a remedy in place by fiscal year (FY) 2014. Remedy in place is
defined as having completed all phases of clean-up and having long-term operations (LTO)
and/or long-term monitoring (LTM) in place. In addition, it requires sites with the most serious
environmental hazards, defined as high-risk sites, to have remedy-in-place by FY 2007. As an
example, a contaminated aquifer in a populated area is a high-risk site whose remedy-in-place
(or long-term operation) is a pump-and-treat plant that will continue to clean the water beyond
the planning horizon.

The cost to clean up these installations is in the billions of dollars. The Office of the Assistant

Chief of Staff for Installation Management (ACSIM) provides restoration funds to the major

Army commands (MACOMs). The MACOM s then provide funding to the installations.

Currently, the distribution of the funds from the ACSIM to the MACOMs is determined by a

rule-of-thumb procedure, based on preliminary examination of the relative risk of the restoration
+ sites within a MACOM and the Army goals.

Although the procedure mentioned above is generally adequate, ACSIM required a more
analytical approach to support its development of the Program Objective Memorandum (POM).
In addition, they desired the ability to perform “what-if” analyses with respect to changing
priorities and programmatics. As an example of changing priorities, ACSIM was interested in
the effects on project completion when the priority was changed from completing high-risk sites
as soon as possible to completing all the sites at certain MACOMs as soon as possible. As an
example of changing programmatics, the Army Environmental Center (AEC) was interested in
finding out what would happen if the length of long-term monitoring and long-term operations
were cut from 20 years to 5 years. ACSIM requested that the Center for Army Analysis (CAA)
develop an analytical approach to enable them to achieve their goals.

© ey o g e T e TR TR R e - . N

13 : Approach .

This analysis developed a large-scale integer programming model to meet ACSIM's
requirements. The model consists of an objective fanction and a base set of constraints which
includes being within budget and maintaining the order and length of the clean-up phases. To
perform the “what-if” analyses on changing priorities, the coefficients of the objective function
were changed to reflect the new priorities. To perform the analyses on changing programmatics,
the constraints were altered. The general formulation is discussed in detail in Chapter 2.

The analysis was limited to US Army restoration projects currently scheduled for active
installations and did not include Formerly Used Defense Sites (FUDS) and restoration due to
Base Realignment and Closure (BRAC). In addition, the Massachusetts Military Reserve and

Modeling to Optimize Restoration Tracking and Investments Introduction ¢ 1
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the Rocky Mountain Arsenal were not considered because of the politically charged nature of the
installations. The data for this analysis were provided by AEC. There are over 3,300 site/phase
combinations. The two major assumptions required for this analysis are 1) that the list of
site/phase combinations is complete and 2) that the costs are accurate.

Modeling to Optimize Restoration Tracking and Investments Introduction e 2
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CHAPTER 2. MODEL FORMULATION

2.1 Gemeral Description .
This analysis used an integer programming model. The purpose of the program is to determine
the year in which a particular phase of an environmental restoration is started. Each restoration
site can have up to seven phases, and these phases must be completed in a particular order
(Figure 1). Long-term maintenance and long-term operations are the final phases and can occur
at the same time. Sites do not have to have every phase. In addition, for this analysis, each
phase has a length of 1 year. It is assumed that each phase is paid for in the year in which itis
started. The exceptions to this general rule are long-term monitoring and long-term operations.
These phases incur a cost the year they are started and every year after that for 20 years. (Note:
the length of time for which LTM and LTO are paid for out of restoration funds is one of the
programmatics that can be changed in follow-on “what-if” analysis.)

The phases for any site must occur in this order:

Preliminary Assessment/Site Investigation
— Remedial Investigation/Feasibility Study
=—>Immediate Response Action
—>Remedial Design
—>Remedial Action
=] ong-term Monitoring/
Long-term Operations
Figure 1. Phase Order

e

22 Mathematical Formulation T
This paragraph describes in detail the mathematical formulation for the model. In the notation, i
refers to a site, j and n to phases, and & to a year.

B

a. The variables in the model are:
x; =1if site, phase jis started in year k,0 otherwise .

b. The data elements for the model are:
b, =budget for yeark,

c; =cost of site i, phase j,

a;, = objective coefficient for site i, phase j, in year &,

SP = the set of site/phase combinations under consideration,
Years = the years under consideration (FY 2001 - FY 2014)

Modeling to Optimize Restoration Tracking and Investments Model Formulation 3
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All of the data are provided by the sponsor with the exception of the a;. The objective function
coefficients are the means by which the priorities are enforced. The higher priority sites have a
higher objective function value, or weight. As such, these data elements are left to the discretion
of the modeler. In addition to the weights to enforce priorities, the coefficients are constructed in
such a way that starting early in the planning horizon is weighted higher than starting late.

¢. The constraints are described below.

(1) Every site/phase combination must be started once and only once.

D %y =LV, j) e SP
ke Years
(2) The budget cannot be exceeded in any year. The costs incurred in a year include the
cost of any site/phase combination that starts in that year, and the yearly cost of LTM/LTO, if
those phases have begun previous to that year.

K
Cxp+ D, D.ci%y <by,Vk e Years

(i,))eSP (i,j)eSP y=2001
Je{LTM ,LTO} Jje{LT™M ,LTO}

(3) The following constraint imposes the phase ordering. In the notation below, phase »
precedes phase ;. '

k-1
Zx,.ny 2 Xy Vk;‘v’{i,j,n | (G, )),(i,n) e SP; j > n}

»=2001

These constraints provide inherent special ordered sets. A variable for a phase cannot be set to 1
unless a variable for all of the preceding phases has been set to 1 in a previous year. This feature
provides a powerful branching feature in solving the model which can speed up the solution
time.

d. The objective function is

Maximize Z z Ay X
(i,/)eSP ke Years

where a; is the objective function coefficient. These coefficients are changed to enforce the
different priorities in the "what-if" analyses.

e. This problem is extremely large. There are over 3,300 site/phase combinations that must
be scheduled over 14 years. Consequently, there are almost 170,000 binary variables. In the
general case, the probability of getting a solution to a model of this size is very small. However,
because the objective function coefficients are left to the discretion of the modeler, the objective
function can be structured in such a way so as to provide more powerful branching and pruning.
Additionally, there are some inherent special ordered sets within the structure of the model that
improves the probability of getting a solution.

Modeling to Optimize Restoration Tracking and Investments Model Formulation e 4 !
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CHAPTER 3. ANALYSIS OF ALTERN ATIVE STRATEGIES
3.1 General Informatlon

ACSIM provided four alternatives to be examined. Each alternative was examined using two
budget streams. One budget stream used the FY 2005 budget as the budget for FY 2006 through
FY 2014. The other used the FY 2004 budget for FY 2006 through FY 2014. The term
“budget” is used to reflect funding programmed throughout the period FY 2001-FY 2014.

3.2 The Alternatives

Four alternatives were examined. These were:

a. Prioritize by site risk. In other words, start high-risk sites as early as possible, followed
by medium risk, with low risk sites and those sites which had not been evaluated last. The risk
factor for a site was provided by the sponsor. In this alternative, costs for long-term monitoring
and long-term operations are incurred in the environmental restoration account every year for 20
years after they start. After 20 years, the costs of LTM and LTO are shifted to the base operating
accounts.

b. Prioritize by site risk as above, but limit the costs for LTM and LTO to 5 years. In other
words, the costs for LTM and LTO are shifted from the environmental restoration account to the
base operating account after 5 years instead of 20. -

¢. Prioritize by MACOM. In this alternative, the Office of the Director of Environmental
Programs (ODEP) provided a list of MACOMs that should have all projects completed as soon
as possible. In general, these MACOMs had a relatively small number of sites. The MACOMs,
in order of priority, are the US Military Academy, the Military District of Washington, the US
Army Corps of Engineers, the Medical Command, and then all other MACOMs. Asin
Alternative A, the cost for LTM and LTO was incurred for 20 years.

d. Prioritize by MACOM as above, but limit the costs for LTM and LTO to 5 years as in
Alternative B.

The following charts provide summarized results of the analysis. More detailed results are in
Appendix C. In all of the charts, MACOM requirements refers to the requirements as identified
by the MACOMs, not the current Program Objective Memorandum (POM). These requirements
are specified for the years FY 2001-FY 2007. All other requirements are scheduled for FY 2008
and beyond.

Figure 2 shows the annual cost for each alternative over the planning years for the schedule
where the FY 2004 budget figure is projected for FY 2006-FY 2014. The budget line from FY
2001 to FY 2014 is based on the 00-05 POM. As can be seen, in the early years of analysis, the

Modeling to Optimize Restoration Tracking and Investments Analysis of Alternative Strategies ¢ 5
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budget constraint is critical. The model solution for each alternative uses all of the funds
available in those years. The costs of the solutions for Alternatives A and C are significantly
higher than the costs of the solutions for Alternatives B and D from FY 2011 to FY 2014. This
is to be expected because Alternatives B and D limit the cost of LTM and LTO to 5 years and
therefore require less money in the outyears.

FY04 Budget Projected for FY06-FY14

500000
450000 '\\
400000

100000 \ jéugz_

50000 %:
0 T T T T T T T T T
$ &P P &
é’\r 5\' '\. {,{\r ‘:{\/ é"\o é’\: QO {0‘ Q'O’ é‘q’ Gﬁc é’\l é‘» {O
Fiscal Year
—e— Based on 00-05 POM ~m— MACOM Requirements
—— By Risk (Alt A) —»-By Risk, 5 yr LTM/LTO (Alt B)
—%—By MACOM (Alt C) ~s—By MACOM, 5 yr LTM/LTO (Alt D)

Figure 2. Annual Cost, FY 2004 Budget Projection

Figure 3 shows the annual cost for each alternative over the planning years for the schedule
where the FY 2005 budget figure is extended to FY 2006-FY 2014. As in Figure 2, the budget
constraint is critical and there are significant differences between the cost of the solutions for
Alternatives A and C and the cost of the solutions for Alternatives B and D in the outyears.

FY05 Budget Projected for FY06-FY14
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450000 4—\
400000 N\
o 350000 AN
300000 A
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3 200000 - N
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Figure 3. Annual Cost, FY 2005 Budget Projection
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Figure 4 depicts the number of site/phase combinations yet to be started for the schedule where
the FY 2004 budget figure is extended to FY 2006-FY 2014. As can be seen, the alternatives
that prioritize by risk (Alternatives A and B) do not decrease as quickly as those that prioritize by
MACOM (Alternatives C and D) do. The alternatives that limit LTM and LTO costs to 5 years
(Alternatives B and D) decrease slightly faster than their equivalent alternatives for 20 year LT™M
and LTO costs (Alternatives A and C, respectively).

FY04 Budget Projected for FY06-FY14
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é’b é"\» é’\o é’b é’\o @ﬁz é’b {,O' <€O 4'0' é"\» é.o {0 é’\' {i"» é'v
Fiscal Year
—e— MACOM Requirements ~-a— By Risk (Alt A)

—a— By Risk, 5 yr LTM/LTO (Alt B) —--By MACOM (Alt C)
—%— By MACOM, 5 yr LTM/LTO (Alt D)

Figure 4. Site/Phase Combinations Remaining, FY 2004 Budget Projection

Figure 5 depicts the number of site/phase combinations yet to be started for the schedule where
the FY 2005 budget figure is extended to FY 2006-FY 2014. Similar relationships among the
lines exist as in Figure 4.

Modeling to Optimize Restoration Tracking and Investments Analysis of Alternative Strategies o 7
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FYO05 Budget Projected for FY06-FY14
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Figure 5. Site/Phase Combinations Remaining, FY 2005 Budget Projection

3.4 Observations
Based on the analysis of the four alternatives, the following observations can be made:

a. Alternatives A and B reduce the number of high-risk site/phases faster, with a trade-off in
the number of site/phases started early (i.e., fewer projects start early). This is because the high-
risk site/phases are generally more expensive than the lower risk sites. When the high-risk
site/phases are started earlier, a small number of site/phases consume the budget in the early
years.

b. Alternatives C and D reduce the number of site/phases faster and complete more
installations faster by starting low-cost site/phases earlier, but the trade-off is that the number of
high-risk site/phases do not decrease as fast. Because the priority is on completing MACOMs
and, as always, starting all site/phases as soon as possible, the lower-cost, lower-risk site/phases
are completed earlier (see Appendix C, paragraph C-3, Prioritization based on MACOM with
LTM/LTO costs incurred for 20 years).

¢. MACOM environmental restoration requirements are not within funding constraints.
Recall that the MACOM requirements are what the MACOMSs would like to accomplish and are
not constrained by the POM.

d. Alternatives B and D reduce the outyear costs for the environmental restoration account,
but the early planning year costs do not change significantly. The earliest that the LTM and LTO

Modeling to Optimize Restoration Tracking and Investments Analysis of Alternative Strategies ¢ 8
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funds can shift to the base operating account is FY 2006. But, because LTM and LTO are the
final phases, they generally start later, so that most of the funds shift further into the planning
horizon. Therefore, the total costs of projects in the earlier years are the same for all alternatives.

e. There is no significant difference in the solutions between the two budget streams. The
differences in the budgets start in FY 2006. The budget using the FY 2004 figure in the outyears
has slightly more money than the one using FY 2005 budget figure. Therefore, the number of
site/phases decreases slightly faster for the FY 2004 budget case after FY 2006. But the largest
decreases are in the earlier years, so the differences are minimal.

Modeling to Optimize Restoration Tracking and Investments Analysis of Alternative Strategies ¢ 9
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CHAPTER 4. POTENTIAL REFINEMENTS OF THE MODEL

41 Introduction R T R

At the end of this study, the sponsor identified areas in which a model could be tailored for use in
the current POM build. This chapter discusses the refinements that will be used in follow-on
analyses.

i3 General Reﬁnements R i s _
There were two refinements that were identified. These were:

a. Altering the phase lengths. The analysis in this report considered the length of all phases
to be the same length--1 year. In follow-on work, the phase lengths can be altered for each type
of phase or, if necessary, altered for a phase at a particular site.

b. Smoothing the budget distributions from one year to the next. Funding distributions
should not vary greatly from year to year.

4.3 Formulation Refinements

To implement the above refinements, the model formulation will change. The following are the
formulation changes.

a. Additional data required for both of the refinements are:
I; =length of phase j at site i,

BIGMACOM = the set of MACOMs that can be smoothed,
P =lower bound on the percentage change in

cost from the previous year, and
p,, =upper bound on the percentage change in

cost from the previous year.

b. In order to implement the phase length refinement, the following constraint replaces the
phase-ordering constraint in the original formulation.

k-1,

Z Xy 2 X, VEk; i, j,n | G, 1), G, n)eSP]>n}

y=2001

¢. The budget smoothing refinements requires two additional sets of constraints. Ideally, all
MACOMs would have smooth budget streams. However, due to the phase lengths and the small
number of site/phase combinations of some MACOMs, these constraints introduce infeasibility
when applied to all but the larger MACOMs. These MACOMSs comprise the set BIGMACOM.

Modeling to Optimize Restoration Tracking and Investments Potential Refinements of the Model o 10
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The following two equations describe the lower and upper bound smoothing constraints. Note
that the costs for LTM and LTO are continued to the end of the time frame after these phases are

started.

k
Dt D DGy

(i,j)eSP (i,j)eSP y=2001
Je{LTM ,LTO} Jje{LTM ,LTO}

k-1
— DPlow Zc,.jxij,c_1 + Z Zc,.jx,.jy >0,Vm € BIGMACOM ,k € Years

(i.))eSP (i.j)eSP y=2001
mm mmm
Jje{LTM ,LTO} Jje{LIM ,LTO}
and
k
Dekpt D D6k,
(i,))eSP (i,j)eSP y=2001
Je(LTM LTO} je{LTM ,LTO}
k-1
=Py z CiXjy t Z Z ¢; %, |<0,Vme BIGMACOM,, k € Years
(i.))eSP (L.)eSP y=2001
mm (mm
Jje{LTM ,LTO} Jje{LTM ,LTO}
44 Remarks =

The refinements mentioned above are currently being implemented. The results will support the
FY 2002-2007 POM build.

Modeling to Optimize Restoration Tracking and Investments Potential Refinements of the Model o 11
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APPENDIX A
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STUDY DIRECTOR

Ms. Linda Coblentz, Resource Analysis Division
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APPENDIX B

REQUEST FOR ANALYTICAL SUPPORT

-3 >v

1. Performing Directorate/ Division: RA 2. Account Number:
3. Type Effort (Enter one): S -Study 4. Tasking (Enter one):
E 2 -SR{l . ' . F - Formal Directive
- Trojec n I - Informal
R -RAA
Mode (Contract=C) M .MMS V -Verbal

5. Title: Modelling to Optimize Restoration Technology and Investments

6. Acronym: MORT!I l7. Date Request Received: 06/10/98 |8. Date Due:  10/10/98

9. Requester/Sponsor (i.e., DCSOPS): DAIM l 10. Sponsor Division (i.e., SSW, N/A) ED

11. Impact on Other Studies, QRA, Projects, RAA:  None

12. Product Required:  Optimization model, Memorandum report

13. Estimated Resources Required: a. Estimated PSM: 3.0 ’ b. Estimated Funds: $0

¢. Models Req'd: none d. Other:

14. Objective(s)/Abstract:
The ACSIM has requested CAA to help prioritize the allocation of funds for environmental restoration. To do this, CAA
will develop and apply an optimization model.

15. Study Director/POC: | Last Name: Coblentz . |Fisst Linda Date:  06/19/98

Signature: Phone#: 295-6974

,

.

N =-{X>O

16. Background/Statement of Problem*: ACSIM determines the amount of money givén to MACOMs for environmental
restoration projects, with input from the Army Environmental Center. High risk sites should be closed as socn as
possible, given the annual budgets. ACSIM has requested that CAA help AEC with this process.

17. Scope of Work*: This project is limited to currently planned restoration projects in the United States that are
scheduled to begin before FY2014. The data used will be the data spreadsheet provided by AEC.

18. Issues for Anaiysis*: What are alternatives to distribute money to the MACOMs for environmental restoration?

19. Milestones/Plan of Action*:

17 July 1998: Draft model ready for review

31 July 1998: Proof of Concept model complete.
11 Sep 1998: Brief sponsor.

//,/ ,// 3

21. Sponsor (COL/DA Div Chief) Concurrence: Date: #e%78

20. Division Chief Concurrence: / ’ / / Date: j;/qj
7

22. Sponsor Comments*:

CAA Form 233 (1 May 95) * Continue on separate sheet Previous editions Obsolete
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APPENDIX C

RESULTS

The following tables provide the results of the analysis. For each of the alternatives, there are
five tables for each budget stream.

The first table gives the annual cost of the projects as scheduled by the model broken out by risk
factor. The risk factors, in order of severity, are High, Medium, Low, and Not Evaluated (ie.,a
risk factor has not been assigned to that site). The risk factor for a site is provided by the
sponsor. The cost figure in the FY 2015 column is the cost of LTM and LTO that will continue
for several years beyond the planning horizon. The second table gives the annual cost broken out
by MACOM.

The third table gives the number of site/phase combinations that are remaining, broken out by
risk factor. As can be seen by the tables, all site/phase combinations are funded by FY 2014 for
all alternatives. The fourth table provides this information broken out by MACOM.

The fifth table gives the number of installations that have achieved remedy in place for all sites
in that particular year. Note that these numbers are not cumulative. Remedy-in-place is defined
as having completed all phases of cleanup and to have long-term operations and monitoring in
place.

Modeling to Optimize Restoration Tracking and Investments C-1
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ACSIM
AMC
AEC
BRAC
caA
DEP
FORSCOM
FUDS

FY

LT™
LTO
MACOM
MDW
MEDCOM
NGB
ODE
POM
TRADOC
USACE
USAPC
USARC

USMA

GLOSSARY
Assistant Chief of Staff for Installation Management
Army Materiel Command
Army Environmental Center
base realignment and closure
Ceﬁter for Army Analysis
Director of Environmental Programs
Forces Command
formerly used defense sites
fiscal year
long-term monitoring
long-term operations
major Army command
Military District of Washington
Mgdical Command
National Guard Bureau
Office of the Director of Environmental Programs
Program Objective Memorandum
Training and Doctrine Command
US Army Corps of Engineers
US Pacific Command
US Army Reserve Component

US Military Academy

Modeling to Optimize Restoration Tracking and Investments
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